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.  .  .  •  ’  ABSTRACT  ■  . 

*  *•  *  • 

•  .  •  *  •  • 

'  .  •  •  » 

•  By  rapidly  quenching  liquid  alloys,  slngle^phase  copper-rlqh  solid 
solutions  are  obtained  from  0-20  at.  pet.  Fe,  The  plot 'o£  lattice  spacings 
vs.  composition  exhibits  a  distinct  maximum  near  7.2  +  0.5  at.  pet.  Fe  and 
this  extremum  Is  tentatively  associated  with  a  magnetic  transition.  Bpdy* 
centered  cubic  iron>rleh  phases  containing  about  5*10  at.  pct.  copper 
coexist  with  face-centered  cubic  copper-rich  phases  of  rather  widely  varying* 

’  eempesltlons  in  the  range.  20  -  about  80  at.  pet.  Fe.  At  least  10  at.  pet.  Cu 
is  retained  in  solid  solution  in  the  Iron-rich  phase,  for  which  the  lattice 
spacing  Increases  by  1.1  0. 1  x  10  ^  X  per  at.  pCt.  Oo. 


O 


« 
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1*  INTRODUCTION 

•  9 

•  •  • 

By  rapidly  Cooling  alloys  from  the  melt,  metastable  solid  solutions 

*.  ®  • 

Can  Cften  be  obtained  for  componen|s  of  similar  crystal  structure  which  normally 
£orm  edlecildi  or  perttectlc  systems«  The  Inabltf^  to  ac^eve  a  continuous 
series  of  slngle«phase  solid  solutions  In  Oi-Co  alleys  b^  quenching  In  this 

fll  *  *  *  * 

way^  *  ma^  be  related  to  t|He  rapid  segregation  occurring  within  the  miscibility 

*  •  O 

•gap  In  the  tindetcooled  melts* •  In  the  preeeng  Investlgatfont  AiCFe  alloys 

•  •  ^ 
were  quenched  from  (he  melt  and  examined  by  means  of  x-ray  diffraction  In  order 

e 

to  determine  the  extent  of  solid  solubilities  and  to  further  delineate  the 

*  *  » 

role  of  Che  miscibility  gap  (Fig*  IV  In  the  solidification  pfocess.  .  ■ 

•  a 

Lattice  spacinga  of  the  *eoppetf*rich  face-centered  Cubic  (fee)  solid 
•  *  ♦  •  0 
solutions  weep  determined  vlth  the  Dehye-SCherreC  technique  and  compared  with*  ” 

•  •  • 

previous  wotk^  Sifldlarly#  lattice  epaclngs  were  4>beaUied  for  the  lton» 

rich  hcdy-CenCcCcd  (bec)  aolld  aolutlOM  resulting  from  the  dlffuslontess 

e  •  '  • 

7-4  0  Cransfomatleii. 

.  •  .  •  • 

2.  fXgtXaieVML  (ROCfGVRBS  ’  '  .  . 

•  •  ,  .  •  •  o 

•  •  •  I  •  • 

Alloys  Were  prepared  from  elements  «f  greater  thaq  99*9?^  pucity*  ACme 

•  •  • 

.of  tho  copper-rich  alleys  woco  CaCt  into  vires  b«t*most  Cf  the  alleys  Were 

•  • 

prepared  from  redocad  powders  thst  Vege  mixed  2t«120  hr*  fftseed  into  Compacts 

■  s  Q  *  * 

that  Verc  sinterad  ^t  'IflOO  c  for  24-48  hr  under  hydrcgeq  and  then  furnace  I 

•  •  • 

cooled*  The  methOdC  of  alio/  preparation  Vote  ¥ety  similar^  to  those  desfrihed^  ‘ 

fll  •  *  ’  •  *  *  *  •  •  .  •  • 

far  the  Cu-6o  Invest Igatlon^  as  were  the  «fuenghfng  te<^nlques«  BeOstise  . 

*  *  .  •  •  •  e  •  • 

*  •  •  • 

of  the  greater  reactivity  of  ifen^  the  iron-rich  alloys  were  liberally  covered 

•  with  argpq  while  aC- elevated  Cemperaturess  *  *  ^  * 
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The  flakes  obtained  for  the  quenched  lron%rlch  alloys  were  invariably 
less  than  ^  mn^  In  area^  with  sllgh^l^  larger  flake|^  obtained  for  the  copper- 
rich  alloysn  The  x-ray  procedures  and  Debye-Scherrec  film  work  were  much  the 
same  as  previously  described  Nlckelefl^ghred  radiation  (X(CuKO(f  ■ 

lt54178  lL(CuKa^3  -  1  •54050  was  used  fo^  the  altoys  fcntalnlng  less  than 

6J.  at«  pct«  Fe|  Ironafl^kered  CoK  ffsdlatlon  (V<6oKQ^  «  l•i)902ft  ^  was  used  for 
the  alloys  o|  greater  Ijon  ^ntent«  A^l  work  was  done  a^  room  ^aq>erature^ 

25±2°a,  ,  ••  • 

••  • 

dc  ^ERfMEMTA!)^  RESUlftS  ^  ® 


*  m  » 

The  ^ta^tve  V4l>ua!|  Sn(^nstE4es  ®f  t)^e  ptiases  if^etetfe^  0n  ffte  f^^ms  of 
tikfi  aiuen^ef  all«ys  af%  pfeseRfe^  IH  t*  Utlefagtjf  |^e 

fse^8mtpaii(  jiHlaae  ac^lc#isll]^  *»  ^Aftt^e  sya*fngs  o{ 

4he  £m  structures  tle^eeteC  1%  tfie  allKys  #>nta|M|ng  «p  (f  atf  Fe 
sri^  III  flglhrq  9,  together  w^tl^  tllkC  Js^a  iit>Jte$ae%  aadi  tCn^sbyly^ 

and  the  #lst0rdan(  Cafum  %f  ^uCtl^sfit  H(g||  s|t|ls 

ffpes  wePe  ceso|^ed  £af  |^he  fc%  sfc^ifVlifbs  In  alleys  f^ntal^lng  §f  2#.0 
«t  7«lio  Is;  t^e»  fo#  a|4  er  st^uCiiurq®  In  qaedfhe^  alleys  weffe  #}t 


9es«iV«<i» 

e  ^  • 

tl^e  al^ys  VonlaliyiCig  mot^  tfiai^  SQ^  a^.  p%t.  Fe,  d^h  • 

|att4®f  spa^ngs  between  9.61^  aa|  wefe  ffSastonat^  <flefe(te(|§  %owe^k^ 

the^e  was  M  AseiSbaVIe  ICffefenfe  fn  4lie  ^fstlpgs  o|  cJ^e  prel^mlnanfll 

phases  wltlk  thesQ,  fff  phases  ^(ssent  eg  absent*  ^e  tatCltfe  paramcA^to  fo|^  t'he 


bcg*structures  afs: 


fomposlcioik 

(sRitPftVFe^ 

95* 

92,5 

?9* 

8^  * 
•  80*.  ?5, 
65,  # 


# 

•  * 


4^  A 

latglqe  parameter 

(ft 

2.872#+  10 
2,8745  +  10 
S«8l7ft  +  48  • 

2,8840  +  15^ 
2.877f|£^  * 

2#8?6  +  2 


e 


Table  Rela(;Lve  vlsue^  IntenBltles  of  phases 
detected  in  quenched  Cu-*Fe  alloys. 


ffbiq>08l|fon  ^le  ptR«  Fe^ 

^^uctures 

V*  2«|.  S«5.  6.0,  6,5,  7.2,  SA 

8,5,  lO.Q,  10^,  12.0,  15.0,  13.0  • 

•  i 

18#^,  20«0* 

e 

«tfe 

• 

( 

25.*  35.,  45.,  55, 

e 

• 

atr« 

% 

65. 

lAFie 

( 

W 

• 

w 

«ie/90.,  9^y  9if  • 

e 

*♦ 

.•  • 

( 

^gillfse  aflolps,  ^  8«jp  at*  •l^e(  aftoyi 

.,  ±f. 

at.  (W. 

**Fqc  stidMUVesy  hesel4|  adgt6^04  Ro  fc^tai 
deSecte?  for  ll^ese  qVen^hed  alloys  (c^.  t 

jinat^T 

1,  o^aslonsK^ 

■  stfong*  med.  >  meStum,  vw  ■  4^ery  weak* 
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For  pure,  quenched  Iron,  a  *  2.8665  +  8  with  Che  high  angle  lines 
resolved.  Lattice  spacings  for  the  minority  bcc  phases  in  the  alloys  of  higher 

copper  content  ranged  from  2.87^  to  2.87^  %.  All  lattice  spacings  are  from 

O  • 

three  or  more  independent  determinations  and  are  considered  quite  reproducible 
except  for  the  aforementioned  fee  phases  in  the  iron-rich  alloys. 

*  •  • 

DISCUSSION 

^olfdif icatj-on^and^the  Metastable  MiscAfllty  Gap  *  ^  ® 

Several  of  the  mechanisms  Involved  in  the  metastable  eiftensions  of  solid  ^ 
solubt%igy  o#  ii%  She  oeWaai  re^nf^on  o£  noneq\^ librium  pTiases  the  rapid 

cooting  of  liquid  Afoya  have  been  distussed  previousfy^^^^^^^.  Of  greatest 

s 

per^nen%e  lie|e  are  Che  experiments  wi|h  CuS^  allo^Sgt  whi^h 
demonsCrated  (h^  nee^  jeif  §onsidering  |he  segregatton^X'oleBses  o^gprring 
within  the  mis^bilicy  gap  in  Che  undei^cooled  mett^ 

A  portion  oP  the  boundary  oS  (l^e  mfstibiltl^  gap  4*^  unfflef^so^etW  AiflPe 
liquid  affoys  has  been  dired^ly  determined  Nakagawa^^  an^  as  shown  in 
Flg«  1,  Che  remainder  %as  been  es|tmated  to  be%pw  the  ^erAtecci%  temperature 
according  Co  Che  equation • 

•  ^  3720  (l-2e)  J  *  2 

•  TCK)  -  - jr- -  <  9.911  +  0.^78  4l-2c4^  \ 

log  (~) 

> 

where  c  is  the  atomic  fraction  of  copper  or  iron. 

If  the  diffusion  processes  in  the  liquid  alloys  are  as  rapid  as  might 
be  expected  from  the  data^^^^  for  some  elements,  microscopic  segregation 

within  Che  miscibility  gap  would  not  be  suppressed  even  with  the  very  high 

•  •  a 

cooling  rates  employed  in  the  present  experiments.  It  could  then  be  suggested 

o  • 


o< 


9 
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that  single-phase  copper-rich  solid  solutions  would  not  be  obtalneS  for  alloys 
with ^n  Iron  concentration  greater  than  that  fixed  by  the  Intersection  of  the 

^  :c. 

V 

gap  boundary  and  the  perltectlc  temperature  -  about  9  at.  pet.  Fe.  Single¬ 
phase  copper-rich  solid  solutions  were  obta^ed  to  about  20  at.  pet.  Fe, 
however,  a^  this  reasoning  Is  perforce  Invalid  the  miscibility  ga{0 
boundary  Is  reliable.  It  does  not  appear  that  much  Information  about  the 

postulated  segregatloiftwlthln  tt^  miscibility  gap  can  be  deduced  from  the 

•  O 

Iron-rich  alloys  because  of  the  diffusionless  solid  state  transformation. 

Since  the  miscibility  gap  Is  approximately  symoietrlcal,  reasoning  as  above 

suggests  that  single-phase  solid  solutions  would  not  be  obtained  from  the 

melt  for  alloys  contalnly  less  than  about  91  at^  pet.  Fe.  ^  much  better 

correl^lon  between  the  limits  metastable  single-phase  solid  solubility  and 

the  gap-perltectlc  temperature  Intersections  was  found  for  the  Cu-Co  alloys 

than  for  the  Cu-||e  system.  •  • 

For  the  quenched  alloys^of  Intermediate  Iron  concentration,  there  Is 

much  similarity  with  the  data  from  the  Cu-Co  Invest^atlon^  ,  l.e.,  there 

Is  one  phase  of  relatively  constant  lattice  spacing  (and  hence  coi^osltlon) 

o 

and  another  phase  of  varying  composition.  For  the  Cu-Fe  alloys^  the  Iron- 

•  •  •  • 

rich  solid  solutions  contain  about  S-IO  at.  pet.  Fe  within  the  two-phase 

region;  on  the  other  hand,  for  the  Cu-Co  alloys,  the  copper-rich  phase  was 

found  to  vai^  only  slightly  In  composition.  ^In  order  to  account  for  the 

(1)  •  O 

Cu-Co  results.  It  was  suggested  '  that  copper-rich  clusters  containing  about 
10  at.  pet.  Co  separated  out  preferentially  ^rlng  the  undercooling  Into  the 
miscibility  gap.  By  analogy.  Iron-rich  clusters  containing  less  than  about 
10  at.  pet.  Cu  may  preferentially  segregate  during  the  undercooling,  then 
solidify  and  transform  to  bec  upon  further  cooling. 
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4 . 2  Lattice  epaclngs  of  the  fee  solid  golutlone 

The  variation  of  the  present  lattice  spacings  with  composition  (Fig.  2) 

for  the  copper-rich  alloys  Is  In  good  agreement  with  the  results  of  Andersen 
(81  ' 

and  Kingsbury'  ' ,  although  there  Is  some  disagreement  In  absolute  value.  This 
discrepancy  may  be  due  to  the  different  temperatures  at  which  the  x-ray 
measurements  were  carried  out  and  perhaps  to  the  different  extrapolation 
procedures*':  In  his  comprehensive  eompllatlon^^\  Pearson  expresses  some 
surprise  that  solution  of  Iron  Increases  the  lattice  spacing  of  copper  but 
nevertheless  recoomends  the  Andersen-Klngsbury  results  to  the  datum  of 
Hutchison  and  Reekle^^^  because  the  former's  alloys  are  more  nearly  In 
equilibrium.  This  would  appear  to  be  an  Irrelevant  criterion  here  since 
the  present  quenched  alloys  are  hardly  In  equilibrium.  Another  lattice 
spacing  Investigation  of  the  copper-rich  Iron  alloys  was  carried  out  by 


Bradley  and  Goldschmidt 


(11) 


fi 


Despite  some  data  to  the  contrary,  these 


workers  also  concluded  that  the  lattice  parameter  of  copper  is  Intlally 

9 

e  decreased  by  the  solution  of  Iron. 

•  n2)  * 

Sosie  workers  '  have  linearly  extrapolated  lattice  spacings  of  dilute 

alloys  to  100%  solute  In  an  attempt  to  obtain  the  "apparent  size"  of  the 

solute.  Such  an  extrapolation  of  the  present  results  or  of  the  Andersen- 

Klngsbury  data  would  yield  an  apparent  lattice  paramete?  of  fee  Iron  at  room 

temperature  of  about  3.67-3.68  £  —  somewhat  above  estimates  from  other  sources, 

as  discussed  below.  The  occurrence  of  the  distinct  maximum  near  7.2  at.  pet.  Fe 
o 

In  the  plot  of  lattice  spacing  vs.  composition  (Fig.  2)  suggests,  al^the  very 

least,  that  considerable  caution  should  be  exercised  In  any  reasoning  based 

on  these  sorts  of  extrapolations.  ^  ^ 

*Andersen  and  Kingsbury  state  that  their  lattice  spacings  were  computed 
relative  to  the  wave  lengths  given  by  Slegbahn  In  1933;  this  reference  has 
not  been  found  and  It  is  assumed  that  the  well-known  1931  wavelengths  were 
used,  the  lattice  spacings  then  being  In  kX  units  which  are  converted  Into 
JP  by  the  factor  1.00202. 
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8- 


a3i3nvavci  30ixivi 


O 


o 
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« 


Figure  2.  Lattice  spacings  of  the  fee  solid  solutions  in 

Cu-Fe  alloys.  fThe  data  for  the  20.-80.  at.  pet.  Fe 
alloys  are  fron  two-phase  specisiens.  Uncertainties 
in  the  nresent  lattice  paraMters  are  indicated  by 
the  diMnsions  of  the  syAols  or  by  the  error  bars. 


-9- 


The  maximum  in  the  lattice  spacing^s.  composition  curve  near  7.2  +  0.5 
at., pet.  Fe  (Fig.  2)  is  believed  to  be  associated  with  a  change  In  the 


(13) 


and  Schell,' et 


magnetic  character  of  the  solid  solutions.  Bitter,  et  al. 

d 

(14) 

al.  have  measured  the  susceptibilities  of  some  single-phase  copper-rich 

O 

Iron  alloys  and  determined  the  "Curie”  temperatures.  Direct  measurecnents 
below  the  second-order  transformation  do  not  seem  to  have  been  made  and  It 
^s  by  no  means  clear  tha?  the  solid  solution^  are  ferromagnetic  rather  than 
antiferromagnetic  -  In  cognizance  of  the  recent  proposal for  y-Fe.  The 

plot  of  Curie  or  Neel  temperature  vs.  composition  given  by  Schell,  et  al.^^^^ 

O 

may  be  extrapolated  with  an  Intersection  near  room  temperattire  and  7.2  at.  pet. 

Fe  not  unlikely.  Other  extrema  In  lattice  spaclngs^^^  found  for  para-  to  ferro- 

or  antiferromagnetic  alloys  do  not  seem  to  be  nearly  as  pronounced  as  for  the 

O  O  • 

present  Cu-Fe  data. 

At  Iron  concentrations  greater  than  that  of  the  extremum,  the  fee  lattice 

spaclngs  of  the  single  phase  solid  solutions  gradually  decrease.  The  lattice 

O 

parameters  of  the  fee  solid  solutions  found  In  the  two-phase  region,  20.-80. 
at.  pet.  Fe,  are  believed  to  be  greater  than  the  lattice  parameters  of  the 
single-phase  fc?  solid  solution  for  the  given  composition.  If  this  could  be 
obtained. 

4.3  Lattice  parameters  of  y-Fe 

perhaps  the  closest  approach  to  a  direct  estimate  of  the  lattice  spacing 
of  fee  Iron  below  Its  range  of  stability  Is  that  due  to  Newklrk^^^\  who 
suggested  a 3.588  %  at  room  teiq>erature.  This  value  was  derived  from  the  * 
experimental  datum  by  making  a  small  but  arbitrary  correction  for  the  copper 
In  solid  solution  and'' also  Is  apparently  subject  to  some  poorly  understood 
"coherency"  effects.  Korltke^^^^  has  shown,  however,  that  the  epitaxial  effects 
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£or  Iron  vapor-deposited  onto  a  single-crystal  of  copper  extended  only  to  a 
thickness  o£/*^80  X,  with  no  dlscernable  epitaxy  for  nickel  deposited  In  a 
similar  way.  Newklrk^^^^  estimated  the  size  of  the  y-Fe  particles  as , 1000  X 

and  It^iay  be  that  dilatation  due  to  the  copper  matrix  does  not  extend 

O 

over  the  bulk  of  the  fee  Iron-rich  perclpltates .  If  the  "coherency"  effects  0 
are  tentatively  rationalized  away  In  this  fashion.  It  still  remains  to  account 

for  the  copper  retained  In  solid  solution,  Newklrk^^^^  assumed  that  about 

O  0  O 

3-4  at.  pet.  Cu  was  dissolved  In  the  y-Fe  particles  and  adjusted  the  observed 
lattice  spacing  of  3.590  %  to  3.588  £  on  the  basis  of  an  assumed  linear 

o  •  • 

variation  In  lattice  parameter  between  copper  and  Iron.  The  present  results 

suggest that  there  Is  a  positive  deviation  from  linearity,  perhaps  even  to 

•  0 

the  Iron-rich  end,  and  that  a  further,  slight  downward  revision  of  the 
proposed  y-Fe  lattice  spacing  may  be  necessary.  It  should  be  realized, 
however,  that  the  amount  of  copper  In  solid  solution  In  these  precipitates  Is 
not  actually  known.  Although  the  effect  on  the  lattice  spacing  cannot  be  too 

o 

great,  such  physical  parameters  as  the  Neel  temperature  might  be  greatly 
affected.Oln  fact.  It  may  be  suggested  that  the  Neel  temperati;||e  of  8°K 
proposed  for  y-Fe,  9n  the  basis  o^  experiments  by  Abraham^  et  al.^^'’^  with 
Iron-rich  pl^eclpltatea  In  a  copper  matrix,  be  regarded  only  as  tentative  tSitll  ^ 

the  effects  of  the  alloying  are  Isolated.  It  would  be  useful  to  compare  the 

•  «  ® 

8k  value  with  extrapolations  from  austenitic  phases,  but  no  systematic  values 

are  Inrallable. 

o 

In  the  same  vein,  any  estimates  of  the  lattice  spaclngs  of  y-Fe  must 
be  consistent  with  extrapolations  from  austenitic  phases.  According  to  the 
data  collected  by  Fearson^^^  for  several  substitutional  and  Interstitial  solid 
solutions,  the  value  for  y-Fe  by  extrapolation  Is  3.578  %  at  room  temperature. 
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Several  secs  of  Fe-C  lattice  parameters^  '  lead  to  somewhat  lower  value,  " 

(19) 

however,  and  Che  situation  Is  ambiguous.  Jamieson  attempted  to  resolve 

•  . 

the  quandry  by  suggesting  ±hat  several  values  for  fee  Iron  were  possible. 
Kaufman,  et  al.^^^^  have  vigorously  developed  this  proposal  an^  also  suggested 

•  ft  •• 

correlations  between  volume  and  magnetic  moment/atom.  The  argiunents  of 

Kaufman,  eC  al^^^^  employ  extrapolations  to  a/i.3.64  from  Ft-,  Pd-  and 

•• 

Nl-Fe  alloys,  which  do  not  appear  especially  convincing  to  the  present  writer. 

Lattice  parameter  extrapolations  are  improved  If  the  deviations  from 

O  ^ 

linearity  can  be  taken  Into  account.  Klement^  *  has  proposed  a  dimensionless 

•  •  • 

0  "distortion"  parameter  which  empxrlcally  seems  to  offer  some  correlations 

•  O 

between  Che  deviations  from  linearity  and  the  positions  of  the  components  In 


the  periodic  classification. ft  Klement  and  Luo 


(21) 


have  shown  that  rather 


good  correlations  obtain  for  Pd-  and  Pt-  base  binary  alloys,  except  Chat 

anomalies  due  presumably  to  magnetic  effects  enter  In  a  way  which,  so  far.  Is 

not  understood.  Calculations  of  Che  distortion  parameter  vs.  composition 

f*  (5)  S 

carried  out  for  fee  binary  alloys  with  iron  seem  to  Indicate  a  good  deal 
of  complexity  —  much  of  which  may  be  tentatively  ascribed  to  magnetic  effects. 
The  only  correlations  apparent  Involve  the  distortions  for  the  solute-rich 
alloys  of  Fe  with  the  transition  elements  of  the  first  long  period,  for  which 
the  distortions  proceed  from  positive  to  negatl^  In  the  sequence, 

Cu-*  Ni -^Co->  Fe-^Mn. 

4.4  Iron-rich  alloys 

The  variation  In  lattice  spacing  with  composition  for  the  bcc  structures 
Is  approximately  linear,  with  a  slope  of  1.1  +  0.1  x  10  ^  X/at.  pet.  Cu,  up 
to  at  least  10  at.  pet.  copper.  This  slope  is  In  good  agreement  with  Che 
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value  of  9.4  X  10  ^  £/wc.  pet.  found  for  some  dilute  alloys.  If 

the  reasonable  suggestion  Is  allowed  that  the  bcc  lattice  spacing  vs. 
composition  plot  deviates  soooewhat  from  linearity,  perhaps  up  to  15  at.  pet. 
copper  might  have  been  dissolved.  For  the  alloys  of  higher  copper  content.  It 
Is  clear,  however,  that  there  has  not  been  a  dlf fuslonless  transformation, 
without  change  In  composition,  from  a  single-phase  fee  solid  solution. 


Recent  work 


(22) 


suggests  that  the  fee  — ^  bcc  transformations  In  these 


Iron-rich  alloys  should  be  martensitic  rather  than  massive  at  the  present, 

•  e  e 

very  high  cooling  rates.  This,  of  course,  could  not  be  verified  because  of 

0 

the  Inconveniently  small  ^d  fragmentary  specimens .  The  transformation 

O 

mechanism  may.  In  fact,  have  been  greatly  altered  due  to  the  possible 

•  O  •  a 

contamination  with  carbon  and/or  nitrogen.  * 

•  0  0 

As  mentioned  elsewhere,  fee  phases  occasionally  were  detected  In  the 
^quenched  Iron-rich  alloys.  The  range  of  lattice  spaclngs,  although  not 

reproducible,  suggests that  nitrogen  and/or  carbon-stabilised  austenite 

0 

had  been  formed.  The  Interstitial  solid  solubility  of  carbon  and  nitrogen 

(5)  * 

In  the  bcc  structures  Is  low'  '  and  probably  cannot  be  metastably  extended 
very  much  because  of  the  ease  of  diffusion  and  hence  does  not  affect the 
bcc  lattice  spaclngs  significantly.  The  hlgh^ degree  of  reproducibility  of 
the  lattice  spaclngs  for  the  alloys  containing  less  than  80  at.  pet.  Fe 
strongly  suggests  that  contamination  was  unimportant  for  these  alloys. 

The  appreciable  re-engineering  of  the  apparatus  necessary  to  definitely 
exclude  the  posslbllty  of  carbon  and  nitrogen  pickup  was  not  undertaken  for 
at  least  one  reason.  After  the  present  experiments  were  In  progress,  a 


paper 


(23) 


by  Kneller  appeared  which  reported  the  success  In  obtaining  a 


continuous  series  of  solid  solutions  for  Cu-Co  alloys  by  vapor  deposition. 


-13- 


REFERENCES 


1.  W.  KlemenC,  Trans.  AIME,  (In  press). 

2.  M.  Hansen  and  K.  Anderko,  Constitution  of  Binary  Alloys. 

McGraw-Hill.  Mew  York  (1958). 

3.  H.  A.  Wriedt  and  L.  S.  Darken.  Trans.  AIME.  218.  30  (1960). 

4.  Y.  Nakagawa.  Acta  Met..  6.  704  (1958). 

5.  W.  B.  Pearson.  Handbook  of  Lattice  Spacinas  and  Structures 
of  Metals  and  Alloys.  Pergamon  Press.  New  York  (1958). 

6.  W.  Klement.  Ph.  D.  Thesis.  California  Institute  of  Technology  (1962). 

7.  W.  ^lement.  J.  Inst.  Met..  90.  27  (1961). 

8.  A^.H.  Andersen  and  A.  H.  Kingsbury.  Trans.  AIME^  152.  38  (1943). 

9.  U.  Klement.  Can.  J.  Phys..  1397  (1962). 

10. ^  H.  J.  Saxton  and  O^D.  Sherby.  Trans.  ASM.  862  (1962). 

11.  A.  F.  Bradley  and  H.  F.  Goldschmidt.  J.  Inst.  Met.,  388  (1939). 

12.  L.  D.  Calvert  and  U.  G.  Henry.  Can.  J.  Phys.,  1411  (1962). 

13.  F.  Bitter,  A.  R.  Kaufmann,  C.  Starr  and  S.  T.  Pan,  Phys .  Rev . . 

60,  ^  (1941). 

14.  E.  Scheil,  E.  Wachtel  and  A.  Kalkuhl,  Ann.  Phvsik.  4,  59  (1959). 

15.  S.  C.  Abrahams,  J.  S.  Kasper  and  L.  Guttntan.  Phys.  Rev.,  127.* 

2052  (1962). • 

16.  J.  B.  Newkirk,  Trans.  AIME.  209,  1214  (1957). 

17.  H.  Koritke,  Z.  Naturforschung,  16A.  531  (1961). 

18.  C.  S. Roberts,  J.  Metals.  5,  203  (1953). 

19.  J.  C.  Jamieson,  Inst,  for  the  Study  of  Metals,  Univ  of  Chicago, 

O 

4th  ONR  Report  (unpublished)  (1960). 

20.  L.  Kaufman,  E.  V.  Clougherty  and  R.  J.  Weiss,  Acta  Met,  (in  press). 

21.  H.  Klesient  and  H.  L.  Luo.  submitted  to  Trans.  AIME.  O 

22.  A.  Gilbert  and  W.  S.  Owen.  Acta  Met.,  45  (1962).* 

23.  E.  Kneller,  J.  Appl.  Phys.,  », 1355  (1962). 


DISTRIBUTION  LIST  FOR  CONTRACT  Nonr  220(30) 

A 


AGENCY 

Chief  of  Naval  Research 
Department  of  the  Navy 
Washington  25,  D.  C. 
Attention:  Code  423 

Commanding  Officer 
Office  of  Naval  Research 
Branch  Office 
346  Broadway 
New  York  13,  New  York 

Commanding  Officer 
Office  of  Naval  Research 
Branch  Office 
495  Summer  Street 
Boston  10,  Massachusetts 
o 

Commanding  Officer 
Office  of  Naval  Research 
Branch  Office 
86  E.  Randolph  Street 
Chicago  1,  Illinois 

• 

Comnandlng  Officer 
Office  of  Naval  Research 
BrancbBOfflce 
1030  E.  Green  Street 
Pasadena  1,  California 


NUMBER  OT  COPIES 
2 

1 


Commanding  Officer  1 

Office  of  Naval  Research 

Branch  Office 

1000  Geary  Street 

San  Francl^o  9,  California 

Assistant  Naval  Attache  for  Research  5 

Office  of  Naval  Research 

Branch  Office,  London 

Navy  100,  Box  39 

F.P.O.,  N.Y.,  N.Y. 

Director  ® 

U.  S.  Naval  Research  Laboratory  ^ 

Washington  25,  D.  C.  ^ 

Attention:  Technical  Information 


Officer,  Code  2000  6 
Code  2020  1 
Code  6200  1 
Code  6300  2 
Code  6100  1 


B 


AGENCY 

Chief,  Bureau  of  Naval  Weapons 
Department  of  the  Navy 
Washington  25,  D.  C. 

Attention:  Code  RRMA 

:  Code  RREN-6 

Commanding  Officer 
U.  S.  Naval  Air  Material  Center 
Philadelphia,  Pennsylvania 
Attention:  Aeronautical  Materials 
Laboratory 

Chief,  Bureau  of  Yards  and  Docks 
Department  of  the  Navy 
Washington  25,  D.  C. 

Attention:  Research  and  Standards  Division 

Commanding  Officer 

U.  S.  Naval  Ordnance  Laboratory 

White  Oaks,  Maryland 

Commanding  Officer 
U.  S.  Naval  Proving  Ground 
Dahlgren,  Virginia 
Attention:  Laboratory  Division 

Chief,  Bureau  of  Ships 
Department  of  the  Navy 
Washington  25,  D.  C. 

Attention:  Code  315 
:  Code  335 
:  Code  341 
:  Code  350 
:  Code  634 

Commanding  Officer 
U.  S.  Naval  Engineering  Experiment 
Station 

Annapolis,  Maryland 
Attention:  Metals  Laboratory 

Materials  Laboratory 
New  York  Naval  Shipyard 
Brooklyn  1,  New  York 
Attention:  Code  907 


c 


AGENCY 

Comnandlng  Officer 
David  Taylor  Model  Basin 
Washington  7,  D.  C. 

Post  Graduate  School 

U.  S.  Naval  Academy 

Monterey,  California 

Attention:  Department  of  Metallurgy 

Office  of  Technical  Services 
Department  of  Commerce 
Washington  25,  D.  C. 

Commanding  Officer 

U.  S.  Naval  Ordnance  Test  Station 

Ii^okern,  California 

Armed  Services  Technical 
Information  Agency  (ASTIA) 

Documents  Service  Center 
Arlington  Hall  Station 
Arlington,  Va. 

Commanding  Officer 
Watertown  Arsenal 
Watertown,  Massachusetts 
Attention:  Ordnance  Materials 
Research  Office 
:  Laboratory  Division 

Commanding  Officer 

Office  of  Ordnance  Research 

Box  CM,  Duke  Station 

Duke  University 

Durham,  North  Carolina 

Attention:  Metallurgy  Division 

Commander 

Wright  Air  Development  Center 
Wrlght-Patterson  Air  Force  Base 
Dayton,  Ohio 
Attention: 


NUMBER  OP  COPIES 
1 

1 


1 


1 


5 


1 

1 

1 


2 


Aeronautical  Research 

Lab.  (WCRRL)  1 

Materials  Laboratory  « 

(WCRTL)  1 


D 

AGENCY 

NUMBER  OF  COPIES 

U.  S.  Air  Force  AROC 

Office  of  Scientific  Research 

1 

Washington  25,  D.  C. 

Attention:  Solid  State  Division 

(SRQB) 

National  Bureau  of  Standards 

Washington  25,  0.  C. 

Attention:  Metallurgy  Division 

1 

:  Mineral  Products 

Division 

1 

w 

National  Aeronautics  Space  Administration 

Lewis  Flight  Propulsion  Laboratory 

Cleveland,  Ohio 

Attention:  Materials  and  Thermodynamics 

1 

Division 

U.  S.  Atomic  Energy  Commission 

Washington  25,  D.  C. 

Attention:  Technical  Library 

1 

U.  S.  Atomic  Enerj^  Commission 

Washington  25,  D.  C. 

Attention:  Metals  and  Materials  Branch 

1 

Division  of  Research 
:  Eng.  Develop.  Branch 

1 

Division  of  Reactor  Develop. 

Argonne  National  Laboratory 

P.  0.  Box  299 

Lemont,  Illinois 

Attention:  H.  D.  Young,  Librarian 

1 

i 

Brookhaven  National  Laboratory 

Technical  Information  Division 

Upton,  Long  Island, 

New  York 

Attention:  Research  Library 

1 

j 

Union  Carbide  Nuclear  Co. 

1  * 

1 

\ 

i 

Oak  Ridge  National  Laboratory 

P.  0.  Box  P 

Oak  Ridge,  Tennessee 

Attention:  Metallurgy  Division 

1 

Solid  State  Physics  Division 

1 

i 

:  Laboratory  Records  Dept. 

1 

E 


Los  Alsaos  Sclsntlflc  Lsboratory 
P.  0.  Box  1663 
Los  Alamos t  New  Mexico 
Attentloa:  Report  Llbrarlaa 

General  Electric  CoB|>any 
P.  0.  Box  100 
Richland,  Washington 

Attention:  Technical  Information  Division 

Iowa  State  College 
P.  0.  Box  14A,  Station  A 
Ames,  Iowa 

Attention:  P.  H.  Spedding 

Knolls  Atomic  Power  Laboratory 
P.  0.  Box  1072 
Schenectady,  New  York 
Attention:  Document  Librarian 

U.  S.  Atosiic  Energy  Commission 
New  York  Operations  Office 
70  Colushus  Avenue 
New  York  23,  New  York 
Attention:  Document  Custodian 

e 

Sandia  Corporation 

Sandia  Base 

Albuquerque,  New  Mexico 
Attention:  Library 

U.  S.  Atomic  Energy  Comaissioh 
Technical  Information  Service  Extension 
P.  0.  Box  62 
Oak  Ridge,  Tennessee 
Attention:  Reference  Branch 

University  of  California 
Radiation  Laboratory 
Information  Division 
Room  128,  Building  SO 
Berkeley,  California 
Attention:  R.  K.  Wakerling 

Bettis  Plant 

U.  S.  Atoadc  Bnergy  Commission 

Bettis  Field 

P.  0.  Box  1468 

Pittsburgh  30,  Pennsylvania 

Attention:  Mrs.  Virginia  Sternberg,  Librarian 


1 


1 


1 


1 


1 


1 


1 


1 


F 


AGENCY  NUMBER  OF  COPIES 

Conmandlng  Officer  and  Director  1 

U.  S.  Naval  Civil  Engineering  Laboratory 
Port  Hueneme,  California 

Conmandlng  Officer  1 

U.  S.  Naval  Ordnance  Underwater  Station 
Newport,  Rhode  Island 

U.  S.  Bureau  of  Mines  1 

Washington  25,  D.  C. 

Attention:  Mr.  J.  B.  Rosenbaum,  Chief  Metallurgist 

Defense  Metals  Information  Center  2 

Battelle  Memorial  Institute 
505  King  Avenue 
Colunhus,  Ohio 

Solid  State  Devices  Branch  1 

''  Evans  Signal  Laboratory 

U.  S.  Army  Signal  Engineering  Laboratories 
O  c/o  Senior  Navy  Liaison  Officer 

U.  S.  Navy  Electronic  Office 
Fort  Monmouth,  New  Jersey  ^ 

U.  S.  Bureau  of  Mines  1 

F.  0.  Drawer  B 

Boulder  City,  Nevada 

Attention:  Electro-Metallurgical  Dlv. 

o 

'"Commanding  General  1 

U.  S.  Army  Ordnance  Arsenal, 

Frankford 

Philadelphia  37,  Pennsylvania 
Attention:  Mr.  Harold  Markus 
ORDBA-1320,  64-4 

Plcatlnny  Arsenal  ^ 

Box  31 

Dover,  New  Jersey 
Attention:  Lt .  Hecht 


AGENCY 


Professor  M.  Cohen 
Department  of  Metallurgy 
Massachusetts  Institute  of  Technology 
Cambridge  39,  Massachusetts 

Professor  B.  L.  Averbach 
Department  of  Metallurgy 
Massachusetts  Institute  of  Technology 
Caal>rldge  39,  Massachusetts 

Professor  G.  M.  Pound 
Department  of  Metallurgical  Engineering 
Carnegie  Institute  of  Technology 
Pittsburgh  13,  Pennsylvania 

Professor  B.  E.  Warren 
Department  of  Metallurgy 
Massachusetts  Institute  of  Technology 
Casbrldge  39,  Massachusetts 

Professor  R.  F.  Hehemann 
Department  of  Metallurgical  Engineering 
Case  Institute  of  Technology 
Cleveland,  Ohio 

Professor  G.  C.  Ruczynskl 
Department  of  Metallurgy 
University  of  Notre  Dame 
Notre  Dame,  Indiana 

Professor  J.  M.  Slvertsen 
Department  of  Metallurgy 
University  of  Minnesota 
Minneapolis,  Minnesota 

Professor  V.  G.  Nacres 

Department  of  Metallurgical  Engineering 

Stanford  University 

Stanford,  California 

Professor  L.  V.  Azaroff 
Department  of  Metallurgical  Engineering 
Illinois  Institute  of  Technology 
Chicago  16,  Illinois 

Professor  F.  Seitz 
Department  of  Physics 
University  of  Illinois 
Urbane,  Illinois 


AGENCY 


Professor  T.  A.  Read 
Department  of  Mining  &  Met.  Engrg. 
University  of  Illinois 
Urbana,  Illinois 

Professor  R.  Smoluchowskl 
Department  of  Mechanical  Engineering 
Princeton  University 
Princeton,  Mew  Jersey 

Professor  H.  Brooks 
Dean  of  Graduate  School  of 
Applied  Science 
Harvard  University 
Cambridge,  Massachusetts 

Professor  C.  E.  Blrchenall 
Princeton  University 
Princeton,  New  Jersey 

Professor  W.  E.  Wallace 
Department  of  Chemistry 
University  of  Pittsburgh 
Pittsburgh,  Pennsylvania 

Professor  E.  R.  Parker 
Division  of  Mineral  Technology 
University  of  California 
Berkeley  4,  California 

Professor  L.  G.  Parratt 
Department  of  Physics 
Cornell  University 
Ithaca,  New  York 

Professor  P.  A.  Beck 

Department  of  Mining  and  Metallurgy 

University  of  Illinois 

Urbana,  Illinois 

Professor  P.  Gordon 

Department  of  Metallurgical  Engineering 
Illinois  Institute  of  Technology 
Chicago  16,  Illinois 

Professor  J.  T.  Morton 
Massachusetts  Institute  of  Technology 
Department  of  Metallurgy 
Caii)rldge  39,  Massachusetts 


I 


agency  number  of  Copies 

Professor  M.  E.  Nicholson  1 

Department  of  Metallurgy 
University  of  Minnesota 
Minneapolis  14,  Minnesota 

Professor  J.  W.  Spretnak  1 

Department  of  Metallurgy 
Ohio  State  University 
ColudJus,  Ohio 

Professor  C.  H.  Shaw  1 

Department  of  Physics 
Ohio  State  University 
ColuDdbus,  Ohio 

Professor  F.  R.  Brotzen  1 

Department  of  Mechanical  Engineering 
The  Rice  Institute 
Houston,  Texas 

Professor  S.  Weissoan  1 

Materials  Research  Laboratory 

Rutgers  University 

New  Brunswick,  New  Jersey 


